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Abstract
The Calaxo @ screw, developed by Smith and Nephew, is a novel biomedical composite
composed of poly-DL-lactide-co-glycolide (PLLA:PGA) 85:15 and calcium carbonate
particulates. Comparisons to an identical surgical anchor composed of PLLA, largely
considered an industry standard, shows increased mean failure strength in surgical
reconstructions of the patellar-tibia complex in sheep. SEM imaging confirms the
osteoconductivity of the Calaxo @ screw proposed in previous studies and also suggest a
positive effect on the differentiation of tissues along the tendon-bone interface. These
findings support the intended use of the Calaxo @ screw as a fixation device for rotator
cuff repair procedures.
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1 Introduction
1.1 Overview
Autopsy studies have shown that up to 70% of people over the age of 80 and 30% of
those below the age of 70 suffer from a rotator cuff tear. In many of the individuals the
tear causes significant disability, and a surgical procedure is executed to repair the
tendon1 . While the procedure is effective in pain management, it is known to have a
relatively high failure rate, usually due to subsequent tears at the attachment site2 . The
reported rates of rerupture in rotator cuff repairs range from 13% to as high as 94% 3.
The rotator cuff itself is composed of four muscles and their corresponding tendons, all of
which originate at the scapula and connect to the head of the humerus. The
Supraspinatus abducts the arm, the Infraspinatus and Teres laterally rotate the arm, and
the Subscapularis medially rotates the arm.
Figure 1.1 Anatomy of the Shoulder Joint4
Rotator cuff injuries usually result from a traumatic shoulder injury in younger
individuals. They become more frequent with increases in age due to weakening of the
tendon from normal wear and tear. Tears can span the full length of the tendon or may
only extend over a small portion of the soft tissue. These are known as full-thickness and
partial-thickness tears.
Figure 1.2 Example of a Rotator Cuff Tear5
1.2 Rotator Cuff Repair Surgical Procedure
Rotator cuff tears are repaired with three types of operative procedures: Open repair,
mini-open repair, and arthroscopic repair. In open repair the surgeon makes an incision
over the shoulder and detaches the deltoid muscle to gain access to the torn tendon.
Mini-open repair incorporates the use of an arthroscopic camera which allows the
surgeon to visualize the injury without a large incision. A small incision, typically 3-5
cm, is made to access the treatment area. Arthroscopic repair utilizes arthroscopic
cameras and instruments. Three small incisions (5mm) which act as "portals" for the
tools are made on the back, side, and front of the shoulder. It is the least invasive of the
surgeries 6
Regardless of which surgical technique is used, the reattachment of the tendon is the
same. First the surgeon removes debris around the injured tendon, allowing for
evaluation of tissue damage. Bone spurs on the bottom of the acromion are then removed
to prevent pinching of the Supraspinatus tendon. The torn end of the tendon is cleaned
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up and an area of the humerus bone is cleared for attachment. The surgeon will then
proceed to drill small holes into the humerus. Anchors are then placed in the holes and
the tendon is stitched together and sutured tightly to the anchors in order to form an
interface between the bone and the tendon. The anchors are slightly recessed and have no
contact with the tendon itself4.
Figure 1.3 Example of a Surgical Anchor with Attached Sutures4
Depending on the extent of the injury patients are placed on a specific rehabilitation
protocol. Typically the arm is placed in a sling and used only in physical therapy
exercises until there is a substantial increase in both range of motion and shoulder
strength. This allows the tendon to heal and naturally reattach to the humerus bone.
1.3 Composition of the Tendon-Bone Interface
The tendons of the rotator cuff are epiphyseal in attachment geometry. The tendon-bone
interface is composed of four zones at such attachment sites: tendon, fibrocartilage,
calcified fibrocartilage, and bone. In the fibrocartilage zone chondrocytes and cartilage
matrix lie between bundles of collagen fibers that enter it from the tendon zone. Between
the calcified and non-calcified fibrocartilage there are one or more prominent basophilic
lines known as tidemarks. These mark the outer limit of calcification. The chondrocytes
are most numerous on the muscle side of the tidemark, often arranged in short rows.
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Bundles of collagen fibers are distinguishable under standard light transmission
microscopy up to the osteochondral junction.7
Figure 1.4 The tendon-bone interface. Easily visible are the rows of chondrocytes
(arrows) in the fibrocartilage (FC) as well as the tidemarks (TM), calcified fibrocartilage
(C-FC), the osteochondral junction (J), and the bone itself (B). 6
In thick plugs of fibrocartilage the collagen fibers often meet the tidemark at nearly right
angles. It is believed that this occurs in multiaxial joints where angle changes typical of
joint movement can easily increase the area of the tendon-bone interface. In such cases a
cartilage matrix binds the collagen fibers together and ensures that they always reach the
tidemark at approximately 90 degree angles, thus causing the tendon to resist the
tendency to widen or narrow at points on its periphery and reduces wear and tear on the
tendon attachment site.8
1.4 Biocompatible materials and The CalaxoTM Screw
A biocompatible material, often referred to simply as a biomaterial, is a synthetic or
natural compound intended to be used in contact with a living biological system.
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Biocompatible materials must be capable of being used in or on the human body without
eliciting a rejection response from the surrounding body tissues and must pass stringent
tests to assure that they will not cause inflammation, infection, thrombogenesis, adverse
immunological response or neoplasm induction or promotion 9. Table 1.1 shows some
common applications for biocompatible materials:
Wound Closure (Sutures, staples) The earliest application ot synthetic
degradable polymers in human medicine
Drug delivery devices One of the most investigated medical
applications for degradable polymers
Orthopedic fixation devices (pins, rods, Requires polymers of exceptionally high
screws, tacks, ligaments) mechanical stiffness and strength
Adhesion prevention Requires polymers that can form soft
membranes or films
Temporary vascular grafts and stents made Only investigational devices are presently
of degradable polymers available. Blood compatibility is a major
concern
Tissue engineering or guided tissue Attempts to recreate or improve native
regeneration scaffold (dental and other) tissue function using degradable scaffolds
Table 1.1 Short Term Medical Applications of Degradable Polymeric Biomaterials'
0
Smith and Nephew recently developed a tendon anchoring fixation device named the
Calaxo@ Screw. It is a bioresorbable interference screw designed for tendon graft
fixation. One of its main advantages is that as it degrades it induces new bone growth in
the empty space. This is done through the use of PLC, a resorbable osteoconductive
composite. PLC is made up of a 65% wt. resorbable polymer blend (poly-DL-lactide-co-
gycolide 85:15) and 35% wt. crystalline calcite. The calcite helps buffer the environment
by neutralizing acidic end products and also plays a role in cell signaling and
osteoconductivity". A representation of a completed surgical procedure using the Calaxo
screw is shown in Figure 1.5:
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Fig 1.5 Representation of the Calaxo @ Screw use in a surgical procedure
1.5 Fixation Devices
Orthopedic fixation devices aid in the treatment of reconstructive surgery, bone fractures,
and soft-tissue injuries by providing anchorage, extra support, and added mechanical
stability to the surgical site. In recent years traditional metal devices have slowly been
phased out in favor of bioresorbable polymers (Table 1.3).
PGA Polyglycolide
DLPLA Poly(dl-lactide)
LPLA Poly(1-lactide)
LPLA-DLPLA Poly(1-lactide-co-dl-lactide)
PGA-DLPLA Poly(dl-lactide-co-glycolide)
PGA-TMC Poly(glycolide-co-trimethylene carbonate)
Table 1.3 Some Common Polymer Acronyms 2
Bioresorbable polymers provide several advantages. They have a higher biocompatibility,
reducing the chance of an osteolytic or inflammatory response. There is no need for a
I 
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secondary surgery to remove the fixation device. The polymers do not interfere with
subsequent medical care, such as magnetic resonance imaging (MRI) scans. Eventually
the implants themselves disappear completely and are replaced by the body's natural
tissues'3 . Several examples of fixation devices in use today, along with their relative pros
and cons, are listed in table 1.4:
jFixation Material Advantage Disadvantage
Device
BioScrew, PLLA High initial fixation High crystalline PLLA
Linvatec strength, high torsional with incomplete
Corp., Largo, strength, different sizes degradation
Florida available
Phusiline LPLA- High initial fixation Low torsional strength,
(screws, DLPLA strength semi-crystalline polymer
plates)14  with re-crystallization
and incomplete
degradation
EndoFix, PGA-co- High initial fixation Fast degradation with
Acufex, TMC (Table strength possible adverse tissue
Mansfield, 1.3) response
MA' 5
Universal Titanium High strength and stiffness Metal therefore may
Wedge Alloy (Ti- corrode,- release Ti2+ ions
Screws 6A1-4V) which causes blackening
(Figure 1.5) of area, implant
loosening as poor bone
bonding
Table 1.4 Advantages and Disadvantages of Current Fixation Devices'6
lo
2 Materials
2.1 Poly-L-lactide and Polyglycolide
Many of the fixation devices used today consists of Poly L-lactide (PLLA Fig 2.1), its
copolymers (L/DL-lactide and DL-lactide) or blends of PLLA and other polymers such as
glycolide. PLLA is used primarily because of its controllable degradation rate and non-
toxic and biodegradable degradation products. Following hydrolytic deesterification to
lactic/glycolic acid the byproducts enter the lactic/glycolic acid cycle of metabolites and
are eventually reduced to carbon dioxide and water. Normally the L monomer of
polylactide is used because its hydrolysis results in L(+)-lactic acid, which occurs
naturally in the human body."
O
H3C Cat t+ CH3 O CH3 O0 Heat I II I I
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Lactide Polylactide
Fig 2.1 Synthesis of Polylactide (PLA) 7
Polyglycolide (PGA), seen in Fig 2.2, is another polymer commonly used in medical
applications. Initially used in sutures, PGA eventually was used in the design of internal
bone fixation devices under the trade name "Biofix". Today PGA is often used in
polymer blends alongside PLLA in order to control the degradation rate of implants."
PGA alone forms a highly crystalline linear aliphatic polyester with a high melting point
and low solubility in organic solvents. PLLA homopolymers are even more hydrophobic,
limiting the access of water to the polymer backbone and effectively minimizing
hydrolytic cleavage. As such both polymers alone have low degradation rates in organic
solvents. However, when PLLA and PGA are blended together, the crystallinity of the
resultant copolymer is lower than that of its relative homopolymers, leading to an
increase in its rate of hydration and hydrolysis. In this manner copolymers can be
manufactured to a specific degradation rate simply by changing the ratio of PLLA:PGA
(Fig 2.3).11
O
Catalyst
Heat
-o- o
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0
Glycolide Polyglycolide
Fig 2.2 Synthesis of Polyglycolide (PGA) 17
Fig. 2.3 Half-life of PLA and PGA copolymers in rat tissue's
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2.2 Poly Lactide Carbonate
Poly Lactide Carbonate (PLC) is a unique bioresorbable composite designed by Smith
and Nephew to accomplish three tasks1":
1) To improve the mechanical properties of the fixation device by using particulates
to reinforce the existing polymer matrix
2) To create a bioactive composite which encourages bone growth and bonding
3) To minimize the detrimental effects of resorption by products
PLC is a blend (by weight) of poly-DL-lactide-co-glycolide 85:15 (65%), seen in Fig 2.4,
and calcium carbonate particulates (35%)". Calcium carbonate particulates from this
blend have been shown to be osteoconductive 19 and neutralize the acidic end products of
degradation, decreasing the chance of an inflammatory response20
0 1
Fig 2.4 Synthesis of Poly(lactide-co-glycolide) 7
The calcium carbonate particulates provide a rich supply of Ca2+ ions to the local
environment. It is known that regions rich in Ca2+ ions show the following evidence for
increased osteoconduction21 ,22,23,24,25
* Enhanced osteoblast activity and bone formation
* Decreased osteoclast activity and bone resorption
* Attraction of bone precursor cells to bone formation sites
I _ I
* Enhanced bone formation in mice implants
* Organ Culture modulation of growth plate chondrongeesis and stimulation of
bone growth
Previous work done by Tamara Lim suggests that the polymer is infiltrated by
phosphorous rich fluids from the environment which attack the calcium carbonate
particles, forming calcium phosphate structures. These calcium phosphate structures
clump together to form a calcium phosphate network which, given an ample amount of
time oxygenate into the most stable form of calcium phosphate, hydroxyapatite, a well-
known osteoconductive material. The surrounding bone then converts the hydroxyapatite
into structured, oriented microscale trabeculae, initiating the formation of new bone".
3 Mechanical Testing26
3.1 Procedure
Mechanical testing was performed by Smith & Nephew using a well-established sheep
model for the surgical attachment of soft-tissue to bone. The patellar tendon of 39 sheep
were surgically detached and then acutely re-attached to the tibial tubercle using surgical
anchors made of either PLLA of PLC (Fig 3.1). It is important to note that the patellar-
tibia complex closely mimics the attachment geometry and angles of the rotator cuff
tendons in humans and should serve as a suitable representation for expected results in
rotator cuff repair applications.
Fig 3.1 Patellar tendon being attached to the tibia with two anchored sutures
The sheep were then fixed with a rigid external fixator to ensure no load bearing for three
weeks. After this period they were allowed to self-mobilize. 10 sheep from both the
PLLA and PLC groups were euthanized at 4 weeks. At 12 weeks 10 sheep with PLLA
implants and 9 with PLC implants were euthanized.
Mechanical testing was carried out using an Instron materials testing machine (model
1193). The tibia was attached to the crosshead while the patella tendon was attached to
__ _~ 
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the tension load cell (Fig 3.2). This setup mimics the natural anatomical orientation of
the patellar-tibia complex. Each sample was then put under tension with the crosshead
driven at a rate of 50.0 mm/min. Loads and displacement were continually recorded and
raw data subjected to Grubb's test to determine the statistical significance of the data. A
probability of 5% or less was taken to be statistically significant. As a control,
mechanical testing of non-operated specimens was done as well.
Fig 3.2 Example of mechanical testing setup on a non-operated specimen
3.2 Failure Strength
No statistical difference existed in the specimens of the non-operated control group. The
mean failure strength was found to be 2.498 KN +/- 0.084 (n=39). At four weeks the
PLLA group showed a mean failure strength of 0.5624 KN +/- 0.0817 while the PLC
group was slightly weaker at 0.4930 KN +/- 0.0730. The p-value between the PLC and
PLLA groups at 4 weeks was 0.5328, showing no statistical difference in the values.
At 12 weeks the PLLA group showed a mean failure strength of 1.4552 KN +/- 0.0681
while the PLC group had a mean failure strength of 1.7509 KN +/- 0.1124. The p-value
between the two groups at 12 weeks was 0.0342, indicating a statistically significant
difference. Results are summarized in Table 2.1.
Healing PLLA Failure PLC Failure P-value (p<0.05 is a
Time Strength (KN) Strength (KN) statistical difference)
4 Weeks 0.5624 +/- 0.0817 0.4930 +/- 0.0730 0.5328
12 Weeks 1.4552 +/- 0.0681 1.7509 +/- 0.1124 0.0342
Table 3.1 Summary of Mechanical Testing Results
3.3 Failure Modes
3.3.1 Non-Operated Specimens
Most of the specimens failed within the tendon proper. A number of specimens
experienced technical failures where the tendon component of the bone-tendon complex
was stronger than the bone-pin assembly used to mount the samples. In these cases the
bone would fail from the mounting bracket on the crosshead.
3.3.2 Operated Specimens
Operated specimens exhibited four different types of failure:
Failure Mode 1: Failure clearly through the plane of granulation tissue interfacing the
bone with the tendon (Fig 3.3 A)
Failure Mode 2: Part of the interface consisting of a mixture of both a) avulsed small
spicules of tibial bone which were detected as a gritty surface to the foot of the tendon b)
tufts of fibers (often immature so translucent) emanating from the bone but having failed
within the tendon at various distances proximal to the bed (Fig 3.3 B)
Failure Mode 3: Bone bed being entirely covered with tufts of fibers coming out of the
bone but having ruptured up the tendon at various distances from the bed (Fig 3.3 C)
Failure Mode 4: Bone bed of vascular granulation tissue out of which there were tufts of
fibrous tissue coming out of the bone and having ruptured up the tendon at various
distances from the bed.
From a healing standpoint the progression of the failure modes can be ordered Mode 1,
Mode 4, Mode 3, and then Mode 2, with Mode 1 exhibiting little to no healing and Mode
4 representing advanced healing. Table 3.2 shows the number of each failure mode
present within each time period for both the PLC and PLLA groups.
Anchor Type Number of Number of Number of Number of
and Time Mode 1 Mode 2 Mode 3 Mode 4
Period Failures Failures Failures Failures
PLLA 4 Weeks 3 0 1 6
PLC 4 Weeks 9 0 0 1
PLLA 12 0 10 0 0
Weeks
PLC 12 Weeks 0 9 0 0
Table 2.2 Number and Type of Failure in each group and time period
Each failure mode was also given a mean failure strength as follows:
Mode 1 - 0.389 KN +/- 0.038 (n=12)
Mode 2 - 0.700 KN +/- 0.090 (n=7)
Mode 3 - 0.878 KN (n=l)
Mode 4- 1.652 KN +/- 0.058 (n=19)
This confirms the level of healing associated with each failure mode. When taken into
account with the number and type of failures exhibited during testing it appears that at 4
weeks the PLLA anchor leads to a more advanced level of healing than the PLC anchor.
However, because the results do not show a statistical difference in the failure strengths
caution should be exercised when interpreting these results. At the 12 week marker it
becomes apparent that the PLC anchors lead to higher failure strengths despite similar
levels of healing along the bond-tendon interface. This suggests that the calcium calcite
particulates have a positive effect on the long term healing of the bone tendon interface.
Fig 3.3 Failure Modes during mechanical testing A) Through plane of granulation tissue
interfacing the bone with the tendon B) Interface is a mixture of avulsed small spicules of
tibial bone and tufts of fiber C) Bone bed covered entirely by tufts of fibers coming out of
the bone and D) bone bed of vascular granulation tissue out of which there are tufts of
fibrous tissue.
4 Bone-Implant SEM Imaging
4.1 Sample Preparation
Tibial specimens from the mechanical testing experiments were prepared for scanning
electron microscopy (SEM) imaging at MIT. The samples, which had been shipped in a
90% Formalin solution, were dehydrated through a series of 50%, 75%, 95%, and 100%
ethanol-water mixtures for 60 minutes each.
Excess soft tissue was then trimmed off using a scalpel. Bulky hard tissues were
removed using a ceramic cutoff wheel. Finally the bone was shaped into a plug of
approximately 3-5 millimeters radial thickness with the anchors located at the center.
This was done using a hand held dremel and grinding disc attachment. The samples were
then rinsed with deionized water and placed into a 100% ethanol solution.
The samples were then agitated in 1:3, 1:2, 1:1, and 3:1 ratios of LR WhiteTM Resin (A
low viscosity embedding resin designed to penetrate biological tissue) dissolved in
ethanol for 24 hours each. After the all the agitation cycles were completed the samples
were embedded in fresh LR WhiteTM Resin for 24 hours at 45oC.
Once the LR WhiteTM Resin had completely cured they were cross sectioned using a
ceramic cutoff wheel. Cross sections were taken in such a manner that both the bone-
tendon and tendon-bone interfaces were clearly visible along the cut surface. Each
sample was then progressively polished using 400, 1200, 2400, and 4000 grit silicon
carbide disc. Final polishes were done using a felt disc lubricated with a 0.05 pm
colloidal alumina solution with water serving as the solvent. Samples were then cleaned
using deionized water in an ultrasonic bath. Prior to SEM imaging, the samples were
sputter-coated with a -10 nm layer of carbon.
4.2 PLLA Samples
SEM imaging was done using a FEI/Philips XL30 FEG environmental SEM. The
PLLA samples (Fig 4.1) consistently showed a regular, clearly defined implant surface.
Little, if any, new bone growth is evident. Osteoblasts, normally present on the surface
of developing bone, are essentially absent. Furthermore, there is a well-defined space
surrounding the implant that consists primarily of LR White TM Resin. This suggests that
the implant was undergoing degradation through surface erosion, and that no new bone
growth occurred to fill in the subsequent gap in the interface.
Fig 4.1 SEM image of the bone-implant interface in a PLLA sample. The light grey
material on the left side of the image shows old bone while the white material to the right
is the PLLA implant. The dark grey material along the center is the LR White TM Resin.
Little porous bone, indicative of new bone formation, is present.
4.3 PLC Samples
SEM images of the PLC samples (Fig 4.2) consistently showed an irregular and jagged
implant surface, indicative of a high rate of degradation. The interface showed large
amounts of porous bone along the interface, often in direct contact with the implant itself.
This suggests that new bone growth occurred simultaneously with surface erosion of the
anchor. These results generally agree with those found in previous work done on the
Calaxo@ screw by Tamara Lim. It is important to note that the results from the SEM
images are likely slightly exaggerated due to poor infiltration of the LR White TM Resin
into the PLC samples. However, despite this discrepancy there is much stronger
evidence for new bone formation along the bone-implant interface in PLC samples than
PLLA samples.
It is possible that the higher rate of degradation in PLC implants is responsible for the
less advanced healing seen in the mechanical testing samples during week 4. The
increased resorption would have allowed the sutures to shift more along the anchor,
which in turn gives the tendon a larger range of motion along the bone bed. This
increased mobility may have led to slower healing in the short term. In the long term this
decrease in failure strength was likely offset by the significantly higher rate of bone
formation evident in the PLC sample.
Fig 4.2 SEM image of the bone-implant interface in a PLC sample. The dark grey
material shows the PLC anchor. Light grey material represents bone. The porosity of the
bone along the interface suggests new bone growth.
5 Bone-Tendon SEM Imaging
5.1 PLLA Samples
The SEM images of the PLLA samples showed a bone tendon interface that was highly
irregular and exhibited no standard orientation of tissues. There is evidence of
differentiated layers between the bone and tendon proper, suggesting some type of
cartilage to bone transmission. Like the bone-implant interface there is little new bone
growth. The tendon proper approaches the interface at nearly a right angle, typical of the
epiphyseal attachment geometry that occurs at this site. However, the differentiated
tissue layer along the interface is not oriented parallel to the approaching tendon, as is
normally the case in a natural patellar-tibia complex.
Fig 5.1 SEM image of the tendon-bone interface in a PLLA sample. The dashed lines
enclose the area along the interface containing what appear to be differentiated tissues.
However these tissues lack the oriented structure typical of a natural tendon-bone
interface.
5.2 PLC Samples
The SEM images of the PLC samples showed a clearly defined tendon-bone interface
with differentiated tissue structures. The tendon approaches the bone bed at a right angle,
and the differentiated tissues appear to be oriented in a manner such that they are
perpendicular to the bone.
Evidence of new bone growth is readily apparent, with significant porous bone structure
apparent along the interface. Furthermore, the thick porous voids near the bone bed are
characteristic of basophilic osteoblasts. These osteoblasts are often found on the surface
of developing bone along with a loose, immature layer of collagenous tissue. They are
typically involved in the production of collagen, ground substance and other organic
constituents of the bone matrix. Near the tendon side of the interface there appear to be
fibers of collagen which have oriented themselves in a fashion similar to that found in a
normal fibrocartilage plug (Fig 1.4).
Fig 5.2 SEM image of the tendon-bone interface in a PLC sample. The dashed lines
enclose the differentiated tissues. These appear to be very similar to the naturally
occurring fibrocartilage plug typical of epiphyseal tendon attachment sites. There is also
heavy evidence of new bone growth.
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Taking into account information from the SEM images and the mechanical testing of
PLC samples, there appears to be ample evidence supporting the theory that the calcium
calcite particulates, perhaps through increased osteoconductivity and cell signaling, result
in the development of a tendon-bone interface that more closely mimics that of a natural
tendon-bone complex. The formation of a fibrocartilage plug would decrease the wear
and tear along the interface by minimizing changes in surface area in the active tendon
(as described in section 1.3). This in turn would lead to higher failure strengths since
mechanical stresses would be less concentrated along the surgical site.
6 Conclusions
6.1 Mechanical Testing
* At 4 weeks the PLLA anchors appear to promote more advanced healing between
the bone and tendon. However, there is no statistical difference between the PLC
and PLLA sample. This may be due to the higher degradation rate of the PLC
composite.
* At 12 weeks the PLC samples exhibit significantly higher failure strengths despite
similar levels of healing between the PLLA and PLC samples. This suggests that
calcium calcite produces a positive effect on the strength of the tendon-bone
interface.
* Four modes of failure are readily apparent, ranging from clean tears along the
bone bed to failure by bony avulsion.
6.2 SEM Imaging of the Bone-Implant Interface
* The PLLA anchors appear to undergo surface erosion at a steady rate as indicated
by a clearly defined, smooth implant surface. Little evidence of new bone growth
is present, and there is a noticeable gap between the implant and old bone.
* The PLC anchors appear to undergo surface erosion and have a highly irregular
interface. There is significant evidence of new bone structure, often in direct
contact with the implant. This suggests that new bone growth occurs
simultaneously with implant resorption.
6.3 SEM Imaging of the Tendon-Bone Interface
* The PLLA interface shows some evidence of differentiated tissue, suggesting
some cartilage to bone transmission and the possible formation of a fibrocartilage
plug. However the interface is poorly oriented, and new bone growth appears to
be minimal
* The PLC interface shows highly oriented differentiated tissues and appears to
mimic the general characteristics of a natural fibrocartilage plug. There is also
evidence of basophilic osteoblast activity and significant new bone formation. It
is possible that the increased calcium content of the local environment leads to the
calcification of the fibrocartilage plug. This would explain the high failure
strengths seen in the mechanical tests.
6.4 Summary
Both implants appear to undergo degradation by surface erosion. The PLC anchors show
a higher level of new bone development at the surgical site, replicating previous results
found in a study on the Calaxo@ screw by Tamara Lim. The PLC composite also
appears to have a positive effect on the tendon-bone interface. It is possible that the
increased presence of Calcium ions play a role in cell signaling that allows for the
calcification of the fibrocartilage plug that develops between the tendon and bone.
Furthermore there is evidence showing that the calcium calcite particulates help to orient
the collagen fibers of the soft tissue in a manner that more closely mimics the natural
tendon-bone interface.
7 Further Work
Due to problems with importing the samples from the mechanical testing site, many of
the experiments originally planned to be included in this paper were unable to be
performed.
TEM imaging of the samples along both interfaces could provide crucial information
regarding the nanostructure and cellular makeup at the surgical site. Furthermore the
diffraction patterns can be used alongside the images to determine the distribution, shape,
and crystal structure of the calcite particles released by the PLC anchors in order to better
understand their effects on the tendon-bone interface.
Elemental analysis and mapping of both interfaces was originally underway, but
problems with the instrumentation (possibly software or hardware related) gave results
that inconclusive and obviously incorrect. Unfortunately these problems could not be
solved in time for these results to be included in the final paper. This data, like the TEM
images mentioned above, would provide evidence that could either support or disprove
the suggested theories in this paper.
A thorough histological study of the samples through cell staining would characterize the
role of cells in various areas of the interface. Of particular interest are the differentiated
tissues along the tendon-bone interface. Histological studies could show characteristic
tidemarks and fibrocartilage zones that would further strengthen arguments for PLC's
positive effects on the tendon-bone interface.
Finally a larger set of samples from various time periods could provide a more complete
and detailed picture of the healing process and the effect each polymer or composite has
over time.
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